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NASA GRANTEE SUBCONTRACTOR
NEW TECHNOLOGY REPORT

NASA requires each research grantee, research contractor and research subcontractor to report new technology to the
NASA Technology Utilization Office. The required reports and corresponding schedules for researach grantee
su "bcontraox_ are as follows:

Title of Rcoorl Form Number .Timetable

Individual Disclosure

Interim Report

NASA 666A

LeRC-GSNTR

The grantee subcontractor discloses each discovery of new technology
individually, at the time of its discovery.

For multi-year grant subcontracts, the subcontractor summarizes the

previous year's disclosures on an annual basis. The first Interim New
Technology (2qT) Report is due exactly 12 months from the effective
date of the subcontract.

Final Report

Subontractor Name
and Address:

Report Submitted by:
Telephone Number:

NASA Grant Title:

NASA Grant Number:

NASA Grant Monitor:

LeRC-GSNTR The grantee subcontractor submits a cumulative summary of all

disclosed discoveries. This Final NT Report is submitted immediately
following the subcontract's technical period of performance.

Massachusetts Institute of TechnolOgy

Department of Materials Sciene_e-and Engineering

77 Massachusetts Ave,

Cambridme_ MA 02139

R, M_ Pelloux

(617) 253 - 3314

NASP Institute fo E Composites (NIC)

NC___ff__C3- 218

0AI Mike Knasel

Subcontract Completion Date: 8 / 31 / 94

Today's Date: ..__2_/22/_9__4_

New technology may be either reportable items or subject inventions.

A reportable item is any invention or discovery, whether or not patentable, that was conceived or fimt actually reduced to practice during the performance

of the contract or subcontract. Large business contractors and subcontractors must disclose reportable items as they are discovered and submit a

noncumulative list of these new technology items on an annual basis [ref: Interim NT Report] and a cumulative list at the completion of the contract (or
subcontract) period [re£: Final NT Report].

A subject invention is any invention or discovery, which is or may be patentable, that Was conceived or first actually reduced to practice during the

performance of the Contract or subcontract, Small business contractors and subcontractors must, at a minimum, disclose subject inventions as they are

discovered and submit a cumulative list of these new technology items on an annual basis [ref: Interim NT Report] and at the completion of the contract (or
subcontract) period [ref: Final NT Report].

Grantees, ':mall business contractors and subcontractor are only required to disclose and report patentable Items (subject inventions). We request, however,

that small business contractors and subcontractors disclose both patentable'sad nonpatentable (reportable) Items, both of which are stttomatlcally evaluated
for publication as NASA tech briefs and considered for NASA Tech Brief awards.

PLEASE COM_PLETE THE ILEVERSE SIDE OF TIIIS FORM AND MAIL TO THE FOLLOWING ADDRESS:

LeRC-GSNTR

7/01/93
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NASA LEWIS RESEARCH CENTER

A'IWN: KATITY KERRIGAN

TECHNOLOGY UTILIZATION OFFICE; MAIL STOP 7-3
CLEVELAND, OIIIO 44135
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New Technology Report Form Approved IO.M.B. No. 2700-0009

NT CONTROL NO, {OfftczJI USe Only/

INSTRUCTIONS

This form may be used when reporting inventions, discov-

eries, improvements or innovations to NASA. Use of this

report form is optional; provided, however, that whatever

report format is used contain the essential information requested

nerein.

In completing each sec¢Jon, use whatever detail deemed

appropriate for a "'full and complete disclosure." as rec_uired by

the New Technology or Property Rights in Inventions clause. For

further guidance as to what constitutes a satisfactory repot.

please refer to NHB 21"70.3, Documentation. Guidelines for

New Technology Reporting.

Available additional documentation which provides a full, de-

tailed description should be attached, as well as any additional

explanatory sheets where nec=ssary.

1. TITLE Elevated Temperature Tensile and Creep Deformation of a

SiC Fiber-Reinforced Titanium Metal Matrix Composite

2. INNOVATOR(S) (Name and S_I ,.RecuriW No.) *

R. M. Pelloux - SS 534 42 3580

Rita Thursnon - SS 357 68 9567

3. EMPLCYE _ (O_anazBt/on and div*$JOnJ

Massachusetts Institute of

DepOt of Materials Science

Technology

and Engineering

4. A_=RESS [Plat# of P_o_anc_J

77 Massachusetts Ave._

Cambridge, _ 02139

SECTION I -- DESCRIPTION OF THE PROBLEM THAT MOTIVATED THE TECHNOLOGY DEVELOPMENT (Enrer,t,.--Genera/

_¢'_crimrion of ProDlern Ob/eC.tive," S.--Key or Uni¢Tue ProDletw _laracmrittJc: C --P_t HistDr3//Pmof Tecnni_Tue._: G.--iJn_trarion$ of Prior TecnnJoues}

The main goal was to measure the elevated temperature tensile and

creep properties of a SiC fiber-reinforced tiEanium metal matrix

composite.

• _i_

lit _ +

" Suoplyincj mis information is voluntary, in accordance with Public Law g3-579 (Privacy Ac: of 197_,i. However. it _s required for

eligibility in the establishment of Space Act monetary awards.

,IAS.,% FORM 666A APR 85 PREVIOUS E{31TION IS OBSOLETE. I .
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'SECTION II (Con.)

SECTION III -- UNIQUEOR NOVEL FEATURES OF THE TECHNOLOGY AND THE RESULTS (OR BENEFITS) OF ITS APPLI-
CATION (Enter as appropriate A.--Novel or unique features; B. --DevelQOment or conceptual problems; t'__O_era¢in 9 characteristics, test data;
D.--Analysis of capabilities; E.'Source of error; and F.--Advan_age_/shortcoming=)

Co - Test data results are given in attached report and in MS thesis.
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SCS-9/Beta 21S Composite

Beta 21S: Ti-15Mo-2.7Nb-3A1-0.2Si

(weightpercent)

SCS-9: SiC fiber

Composite: 0.24 fiber volume fraction
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(0/90)s SCS-9/Beta 21S RT and 815°C Stress-Strain Curves
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(90)4 SCS-9/Beta 21S RT and 815°C Stress-Strain Curves
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Temperature Dependence of the UTS
of SCS-9/Beta 21S Composite Layups
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Temperature Dependence of the Elastic Modulus
of SCS-9/Beta 21S Composite Layups
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Creep Test Parameters and Specimen Geometry

Test Parameters

(0)4 650°C

815°C
552, 586, 655 MPa
276 MPa

(O/90)s 650°C
815°C

276, 345,414 MPa
103 MPa

(90)4 6500C
8150C

34, 69, 138 MPa
21, 34 MPa

L.
6.000 + 0.100

r I

---_ 1.00+0.010 _--- l

0.750 + 0.001

• 0 R+ 0.010

0.400 + 0.001

NOTE: ALL DIMENSIONS IN INCHES





i

:L

i •

,i _

Creep Curves for (O/90)sSCS-9/Beta 21S

0.8

0.6

r,O

0.4

0.2

i

• 650°CI 276 MPa(40 ksi)

F:] 650°C1345 MPa(50 ksi)

• 650°C1414 MPa(60 ksi)

0 815°C/I03 MPa(15 ksi)
]-...{....................................................................

i
i

i
Specimen Intact

i
i
i

o'! .................o..i ......................
I

i Specimen Intact

20 40 60 80 I00 120

Time (hr.)

140



OZI OOI Og 017 O_ 0

0

9
v

OI

S :Z _lofl/6"SDS _(06) aoj SaAan3 doo.0

: -7:7

7-

ii;i !IL'_:I

i!',_!;_!Li :iii_
!:: • ; i iii_il_

• 7 ¸

i • " _:ii _

, • • ?

.



II.

i!lllll_l

9 <

........................i.....................i

I|_ Ii1_ iill )ll_ )_111111_1 Ill I

J,°°)1 _..,__

c_

.......... :'""1

o o o o o o
c_ o c_o o v'_

_I'E::]O0 X_

o| I ¸ -

(%) u_.nS I_O,L



i

O! $

! i i i

9 _

I ' ' , I ' ' , I '

v v v _ v v v V v "'v'v'''_w''v''vZ .............................

I 0 0 0 ,,, o o°On

i°°°_ooo_O°°Y _I_..............................i.................................#................................i...........................................

(!'_I _;8)'d_ 99_/3o0_; 9 [] ] _ i i

(:,_o8),,_/%o_9 • l i i i
c_,_os),_/%o_9 [] I, , , i , , , i , , , i , , ,
(!S_l08) _d]R 7;J;_13o0f9 0 ]

0

0

I'0

O3

£'0

l_'O

SOAJn D daoaD SIi_ u]o8/6-S_)S '(0) ]qff!lq_!H

i_ i •

iii•

L

! •

i :



: : :,:_:_::__:: :::' : _:'?::_ /::_:_/_:_:___::_/ ._:: ::_::_::i_ i Y:¸¸_̧:_:i_,/'i:_i__J i_:_::_:}/:_iiii Y::_}::_.I!i_{:__ii!_::IIL¸;̧i:i_i!:__:i!:::!!i!!!:iiiiii:i:::ilz:_!!!::: iil!!iii::i:!:!!i iii_iii:i_iliii_ill_i_:i_:_i:i_:_i_i_iii_i_ii:ii_:i_ii_:i:_i_i_iii_i_i_iii_i_ii_ii_iii_i_i_i_iiii_iiii_i_iiiiiiiii_iiiii_iiiiiiii

i

!o

°i io
.................................*i .....................1.o...............

*.' io

-..: io
................................... _ .................... -0 ...............



_OI _OI 10!

i i ! i l_ _ ,., : -_ 9-ot
_,,'"r"r"'T""i .......I.........._..............,_........................i......!..............+.......,;.........i..............i.......................J

i{iiill:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::-: :! ::: :J::::::::::: ::: ::::::--q
:,:::.:.================================================================_:_:_::::_::_: _:::::: _
....'_""_"" i.... i i !

':"iI .... ' ' ' : ' 'T I.......].......................t........................{--+--..:-........_....._......._......................._.................
................:Z::::_::::Z'::Z::::7::::::=:::=!=:::::':...............!"'!"";"'+'"'i'"",_ .......}........._..............i.......................
:'_:::::::_::::i_ i:::::::_:::::::: :::::: :_::::::::::::: : i i [..: _ :::_'::::::F::'_::i: :::::::::i::::_iEiEi_E_....

-'---i-.-.{....'..i .......L.. i i i l ! i i i i:/ i .......i......................- _,.o_

:_:::i::::i::::-_";"":+'{ .......{........_.............._........................_.......:--,:--.-_----.._.4....... i ...........i.............. :1

:::i:::::::_::::" :::::::::::::::::::::: :::::::::::::: : !--!--.'--.!---.-i--.--._ ..... ?......... ,'.............. :................... 1

............... . i_ii_i::::£.::""':::i:::::: : : :: ::::::::: : :::::: l: :! ::_:::i:::::.:'-/--" -::::::::::::: : ! : : :::::: :: : :::::.........

"'""'""""Ii_'i'"i'"'i'"'i'"'i........i .......i..............ii..................._ii:"i'"i"i!._;i!..::i:::::::i:::::::::i:::i:Ziii!iilZiii:iilZii:== I
:'_:::I::::_:::: _: ........................... :i::::: : ;_:"":":::::::t_i..........::::::::::::::::::::::::::__ ..........' ......._ •g
•"_.........' '_v-
:.-t_:i:_:_i_:_t_:.i_:_::_j-_......."..............,......................_ ,...,...:....,.....:......:_:........i:............:i:......................:1_::1_:'::_::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: : _ ":_:':_. _ : : :" ::_: : :: _'::::::':_.":: : : :: _ :: ."-:-1::: :

_:."_'i'i_':" =.:':.'" ?"'.: " i iiil'.:L:_i!{_H':T:'_? " :'".: " " :::::::::::::::::::::::::::::::::: :::::::::: : : :...........................

•i..-i---.i,:,-..-.....i......._.........._..............i........................i...i...L.i.....L..._.......{......i
:::::::::::::::::::::::::::::.........:..............:........................l---i-.-_----_.--.-_....._.........;.........i..............i.........:.ZZ......J
::::::::::::::::::::::::::::: : ": ":_='::':: ": "_ : :":::: ; :: : | : : _." " 7::: ": : _.:: ::: _ : :- _ : :-::..=: _ : ::: .- : :.

ul) V = ss3

ssaal l !IddV uo o; uapuodo(i alU l doaao

£:, - :ii¢
ii_ " : ii

i:' : : ili'_

/

" _ !



ooo[ / [('-'-q)_3o[ + O_](_L =

8Z 9Z lzZ ZZ OZ gl 9I

'" [Z:.t,t.1_9._X /_\_ S[Z:_6-S3S (06/0)

i , , I , _ I _ , , I , , , I _ , , I , t , I , , ,

fOld Jall!_ - uosju_ I

11[

001

OOZ

00_

0017

OOf

OO9

OOL

i̧ iA

iil_ i_:ii_:i

_:i_iiI_'i

/_i_ -:_i

!

i



S_-IDNI NI SNOISN_IG "I'IV :KLON

0

010"0 -Y-_100"Z 1

 ooo oo o_ 
f

[00"0 -T-gLI'O

°ll
O-- -l-

Ig OOI'O -_ 000"9

goeuanj lsgl punm d!Is guoz-g.
si_u!Idno:)luoumi_!Ievi_po-vj!_ vlqnoG •

sl._su! o_e3 leU ql!_ sdia_ _'u.qdno:)o_p_A_S£V •
uo!l_olIOOelep _!lemOlne ql!,_ ._OlS_1doza_ m.m .IgAgI 0 [lz_ S_LV •

luomd!nb3 lSO,L

°nb!uq;)°,L (IdD(I ql!_ slso,L dooaD

ii_i:_ _:i5_!: _

ili !;( ii :: i (

i: i¸¸ i̧)_:ii

: .( !: ii ¸

!!i::ii_i_i:

7 ¸

:i_̧i : i)!

::), (_i:i ¸

51

!_i_::i:_i_!i!!

• 5



otunlOh luelsuo::).

:suo!ldmnssy

O)v(_'o'_"
_i-_tJ t_I=0)9(,)o0)i=O)A

onb!uqaoz (IdD(l ql!a slso Z dooz D

:: _i_:_i

ill( i _iii

i! _ _ _

il__ :_?

_, _iji_

J)



: : ..... : < : .....::: : _<< :_ :: :: :::i:<<_i:_i_<ii::<:?i:i:::!:i_<i_:_,:<<::<i:::i<<:::<?:4: <i: _̧: !<:III:IIC:I:::<<i<_iii:iii:iiiii!i!:!::i_!i_!_<i_ii_i!_i_i_!_i_ii;_i_<_ii!iii!i_i_i_i_ii_ii_iiiii_ii_i_i_ii_i_ii_i_iiiii_iii_iii_i_iiii_ii_i_

% OOI x °A/AV

_r

0

0

0



•_ i__

i• _ _: ii̧,

•i:•i:•:_i̧ •_!!II!

_i_ii_ii_i_ ..:_

_ii. _

DCPD Curves for (0)4 SCS-9/Beta 21S

650°C / 276 MPa
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Normalized DCPD Curves for (90)4 SCS-9/Beta 21S

650°C / 21 MPa

1.5

1.4

1.3

1.2

1.1

J 0 Vl/Vo 1 Reached Maxknum:

, - ,, _. t Displacement of ,"_--....__

.......L " _ ..............................................c._._e._............i _ .

50 I00 150 200

Time (hr.)



:T

5

i::i I i_.i!

51 () • : :

i :!'< i i5:

i:. _ ,i,, i

:i_i_i: _I_

ii. ¸¸¸ :5:

Quantitative Correlation of DCPD Readings to Creep Strain
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Conclusions

At 650°C, the UTS of (0)4 and (0/90)sSCS-9/Beta 21S decreases by almost
50% from the room temperature values, indicating that operating temperatures
should be less than 650°C to take advantage of the specific strength as well
as the specific elastic modulus of these composite layups.

The tensile properties of SiC fiber-reinforced titanium composites are
dependent on the properties of the fiber reinforcement as well as the fiber
volume fraction.

Fracture mechanisms in (0)4SCS-9/Beta 21S are a combination of random
fiber failure throughout the specimen and matrix microyielding around
fractured fibers.

Failure of (90)4 SCS-9/Beta 21S is dominated by the properties of the metal
matrix.

Fracture mechanisms in (0/90)s SCS-9/Beta 21S are a combination of
fiber-matrix debonding, random fiber fracture of the 0 ° fibers and matrix
microyielding around debonded 90 ° fibers and fractured 0° fibers.



3!ql!louom oql jo o3u_ls!so._ dov._apue ql_uo._s oI!.suvl oql oauequo ol L_ssooau

s! o06ugql ssoI aI_ug ug lg :to s!x_ ssaJls oql m IoII_Jgdluomoo.mjuD.t ._aq!d .

•uo_l_p_i_op |l_lu0KtUO.n.AU0
ol onp uom!aods oql jo o_po oql mo._j m_!l!u! ol polaodxo s! .r[._u! slsol doa._3

_uoI u! sdn£_ I ol!sodmoa oo.rql II_ jo o.mwd "so_po uotmoods oql .I_ou

x.trl_m pu_ ._oq!joql jo uo.tl_pe._op I_lU0mUO._!AUOO1onp oq m POAO!Ioqs! s!qZ
•sol._sodmo3 _(06/0) pu_ _(0) oql u! om.tl ql._ u!_._lsdoo.t3 jo uo!l_lntuno3_

£pgols lnq IIemS g s! o._oql'SIOAOIsso:tls PlOqSo.rql-._eoupug 3o0_;91V

"oJ!Idao._3._auoqsqanm
pue sme._doo._a@!q ol sp_oI qa!q_ 'sso.as po!Idde oql jo .tojsue._l_m..mp

o_nla_j ol pop_oI o_ s._oq!j o0 oql 'SlOAOIsso._lsosoql oAoqv "s_oq!j o0 oql
ol po.uojsug_l s! sso_ls po!lddg oql sg moz soqogo.tddg olg_ dao_3 oql 'sloao I

sso._ls osoql A_OlOfl "3_IOA._loodso._'gd_ 9LE pug MIAI E_;_;£IOlgtmxo_ddg o_g

sdn_gI _(06/0) pu_ "(0) oql jo SlOAOI SSO._lSPloqso.rql oql 'Do0g:9 1V "s._oq!j
oql jo ql:_UO._lSoanla_aj oql A_OIOq S_s._oq!jo0 oql uo sso_lS po!Iddg oql UOqA_

lums!soa doo_a£I@!q oa_ sal!soddoa gig maW6-S3S  (06/0)put oq_t

suo!snlauo 3

i _:_ ,%1,

i:_2:?i ii_i'iiii_
> _i!:_

i_, i _

i_



•stusmgqaatu uotlgtmojap
daa.13 m. aauo.lajj!p aql ol anp sIg!.lalgtu a!ql!Iouotu ol pa.lgdtuoo ,_'Ilua.Iajj!p

paqago.lddg aq ol sgq sassaao.id uo.tlgtmojap daa.13 ol Ig!lualod m sagugq3

fi'u!lgla.I ,_Iah!lgl.tlugnb jo _Isgl aq_L "ql_ua I a_g_ uatmaads aql sso.log igilualod m

o_ugq3 aql £q palaalap aq plnoa uo!lgtmojap put 'o_gtugp daa.la lgql pa|gaaaj

sdnggI al!sodtuoa aa.lql aql jo uo.tlgtttlojap daa.i3 jo s_tI!p,.looa.l |g!lualod 3G

•a.lnlg.ladtual gu!sgo.lau! ql!AXSOSgO.laU!qa!tlAX_!A!I!SUOS alg.l u!g.lls

lugo!J!ll_!S gl.tq!qxa al!sodmoo 1'(06) aq,L "3ogI8 put 3o0_9 lg alg.lmg.llg ol

OA!I!SUaSU!,_|lgo!lag.ld a.m sal!godmo3 S[E ma_6-SOS _(06/0)put _(())aq£

•sisal daa.la put ai!sual qloq _u!.inp suatu!aads ol!sodmoa _(06/0) put _(0)

m.su!g.usIlgmS aql _'u!.insgaLU jo alqgdga SgA_..lalatuosualxa aA!l!agdga aq, L

•slsal doa.la pgoI luglsuoa _uttmru jo
olqgdga oslg SgA,,tUalS,_S aq,L "1801o[_u!s g U! pamtmalap aq Ol Ig!.lalgtU g jo

_{I!A!I!SUOS alg.l U!g.llS aql _U!A'_OIIg,_qa.laql 'lSal"Oi!sua1 g _u!.inp alg.l utg.llS

aql _m._ugqa ,_isnoaugluglsu! jo alqgdga s! tUalS,ZSlSal a!lng.lp,{qomas aq£

suo!snpuo 3

$

i: :':i} ¸

} _ _:::iiii_,

_i: :ii:!iiI

• qi<i

:i _I i_

!7 ii

:. 7 ¸

,7,

. q

i' ,_ 5- _ :_i _

7"

L
• i



•sop,_o _u!peoI doo.tolUO:tojj!pjo slooggooql _m.pnpu! 'SOl!sodtuoo
tun!uel!l poo.mju!o.Iqoq!g 3._Sjo :_O!Aeqoq,Ca0AO00._doo:_ooql olenleAH

"Mug
oql OlU!puolxo lou op s.toq!j oql qo!qhxu! slsol doo._ou! s.toq!j oql ol x3.._letu

oql tuo.q sso.rlspo!Idde oqljo :_ojsuea oA.tDojjost.o:_oql._oqloq,_olenleAH

•UO!lepe:_op IglUOtUuO_.AUOjo oo._op pug sloojjo
oql om.uuolop ol SIOAOIsso._lsPlOqso.rql,_oIoq slsol o.mldru doo._olonpuo D

 laOA oanln I

i i i'_

i: /

_ ,_i, _

z


